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Components of Pleurotus ostreatus Fungi
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Abstract: Active macromolecules in Pleurotus ostreatus fungi are playing an important role in more and more aspects.
Therefore, in this study, low-temperature plasma was used to treat Pleurotus ostreatus fungi. The optimal treatment conditions
were as follows: treatment power 130 W, treatment time 25 s, and working pressure 140 Pa. Then scanning electron microscopy

and polysaccharide composition analysis were carried out.
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1. Introduction

Pleurotus ostreatus is an edible mushroom that has been
widely studied in recent years [1-4] and has certain anti-aging
and anti-fatigue functions [5-9]. At present, more and more
attention has been paid to some active macromolecules in
Pleurotus ostreatus fungi [10-12]. The traditional method is
to improve the active components in Pleurotus ostreatus fungi
by optimizing the culture medium [13] and treating the
fruiting body [14]. However, the disadvantages of the above
method are complicated operation and long time-consuming.
At the same time, it may also pollute the environment, and
some safety problems appear in biological experiments.
Therefore, it is of great significance to find an experimental
method that is convenient to use, time-saving and labor-
saving, green and pollution-free, and can improve the
biological activity of Pleurotus ostreatus fungi.

The working principle of low-temperature plasma is that in
the plasma chamber, active particles in a high-energy state,
such as excited atoms, molecules, reactive oxygen radicals,
etc., will produce more complicated physical and chemical
reactions when they contact with substances [15-18]. The
sample to be treated is put into the cavity, and then the
specified gas is introduced, and then the discharge power,
pretreatment time, and working pressure are set for treatment.

The existing research results show that low-temperature
plasma can promote the synthesis of fungal polysaccharides
from Pleurotus ostreatus [19,20]. Then analyzing whether the
composition of monosaccharide has changed becomes the
focus of the next research. Polysaccharide is a natural
macromolecule composed of several monosaccharides linked
by chemical bonds [21]. The research shows that the main
components of monosaccharides are arabinose, xylose,
rhamnose, mannose, glucose, galactose, fucose, ferric acid,
and so on. There are about 100 different bioactive substances
in the fruiting body of Pleurotus ostreatus, which is mainly
considered a potential new source of dietary fiber [22].
However, fungal cell walls are rich in non-starch
polysaccharides, among which B -glucan is the most
interesting functional component and phenolic substance
[23,24]. Because of the change in structural composition,
their activities are significantly different [25-27]. Due to the

complexity of its structure, there are different technical
methods to determine its structure, including chemical
analysis [28], physical analysis [29], and biological analysis
[30]. Researchers can provide a reference for the potential
application of polysaccharides in industrial sectors by
studying the structure of polysaccharides.

2. Materials and Methods

2.1. Preparation of Reagent

(1) PDA solid culture medium (purchased from Shanghai
Bowie) was weighed, and distilled water was added at a ratio
of 1:25 [31], which was dissolved in water and sterilized at
121°C for 20 minutes.

(2) According to the requirements of PDB (purchased from
Shanghai Bowie), it was added to distilled water at a ratio of
1:40 and sterilized at 121°C for 20 minutes.

2.2. Extraction of Crude Polysaccharide

(1) After being activated, Pleurotus ostreatus fungi were
inoculated into a PDA culture medium, cultured in a dark
incubator at 26°C, and pretreated after 5 days.

(2) Under the optimum conditions of treatment power of
130 W, treatment time of 25 s, and working pressure of 140
Pa, the treated strain was inoculated into a new culture
medium.

(3) When the mycelium to be treated is full of Petri dish, it
is inoculated into PDB liquid culture medium and then
cultured at 26°C 200 r/min for 5 days [32], and the cultured
mycelium is collected for later use.

(4) The collected mycelium was dried in an oven at 60°C.

(5) Extracting polysaccharides from dried mycelium to get
crude polysaccharides [33,34].

2.3. Purification of Crude Polysaccharide

(1) The extracted crude polysaccharides were weighed and
dissolved to prepare a 1% sugar solution.

(2) Papain was added to the sugar solution in a
corresponding proportion and stirred in a water bath at 50°C
for 1 hour [35].

(3) Cooling to room temperature after the water bath,
centrifuging, and removing the precipitate.



(4) The above process is repeated several times until no value is 0.00313<0.05, which indicated that there is a
precipitate is produced after centrifugation. significant difference between them.

(5) Use Coomassie Brilliant Blue G-250 to determine the
content of protein in the obtained solution. After it meets the
requirements, proceed to the next operation [36].

(6) Adding the proper amount of activated carbon powder
into the obtained supernatant, stirring to absorb the pigment,
and centrifuging to leave the supernatant [37].

(7) Pour the supernatant into a dialysis bag of 200 Da for
dialysis, and remove small molecular structures such as salt
[38].

(8) Concentrate the obtained polysaccharide solution, then
freeze-dried to obtain a relatively pure polysaccharide.

2.4. High-performance Liquid
Chromatography Analysis

High-performance liquid chromatography was used to
detect polysaccharide components. The ratio of the mobile
phase is 0.05 m potassium dihydrogen phosphate solution
(adjusted to pH 6.70 with sodium hydroxide solution) and
acetonitrile solution, and the flow rate was 1.0 mL/min.

(1) Preparation of control solution: mannose, ribose,
rhamnose, glucuronic acid, galacturonic acid, N-
acetylglucosamine, glucose, N- acetylgalactosamine,
galactose, xylose, arabinose, fucose were used as reference
materials, and the reference materials were precisely weighed.
It was added to water and diluted to 50 micrograms of the
mixed control solution.

(2) Accurately suck 250 mL of mixed solution in a 5 mL
EP test tube, add 250 mL of 0.6 mol/L NaOH and 500 mL 0.4
mol/L PMP-methanol, and react for 1 hour. Cool in cold water
for 10 minutes. Add 500 uL 0.3 mol/L HCI to neutralize, then
add 1 mL of chloroform to vortex for 1 minute, centrifuge at
3000 r/min for 10 minutes, carefully take the supernatant,
extract for 3 times, and take the supernatant for high-
performance liquid chromatography.

(3) Preparation of determination sample: accurately weigh
the sample into a 10 mL ampoule, add 3.0 mL 2 mol/L TFA
into the 10 mL ampoule, fill it with nitrogen, seal it, perform
acid hydrolysis at 120°C, take it out after 4 hours, add
methanol, blow dry TFA with nitrogen, and then dissolve it
with 3.0 mL of water. 7

3. Results and Discussion

3.1. Analysis of Scanning Electron Microscope
Results

The mycelia cultured for a certain period was fixed with
2.5% glutaraldehyde specially used for the electron
microscope. After fixation, it was dehydrated, then freeze-
dried, then fixed on the sample table, and then put into a
scanning electron microscope. The surface structure of the
mycelium was observed at 5000 times and 15000 times

respectively. The results are shown in Figure 1. Regulus 3.0kV 6 3mm x15.0k SE(UL) 8

Through the comparison of Figure 1, it can be found that Figure 1. Scanning electron microscope images of Pleurotus
under the same magnification, the mycelium of Pleurotus ostreatus mycelium before and after treatment (A, C: x5000, B, D:
ostreatus after low-temperature plasma treatment is more * 15000; A, B: control group, C, D: treatment group)

robust, especially at the branch of mycelium, indicating that

its growth rate will be more vigorous than that of the control. Table 1. The shape of mycelium before and after treatment

At the same time, from Table 1, it can be found that the N gzirel SD SEM \r/r;ie
thickness of the treated mycelium under a scanning electron A 0 [ 1788 | 010737 | 003395 | 1.79
microscope is 1.788+0.11, while the thickness of the control B 10 1.587 | 0.15246 | 0.04821 | 1.545
is 1.587+0.15, which also proves that the treated mycelium difference | 10 | 0.201 0.05897 | 0.235
grows more vigorously. After the t-test, it is found that the P in total 20 | 1.6875 | 0.16463 | 0.03681 | 1.69




(Group A was the treatment group and Group B was the
control group)

3.2. Component Analysis of Polysaccharide

Polysaccharide is a kind of natural high molecular
substance, and its molecular weight and complex structure
make its physiological activities varied. Polysaccharides are
widely distributed in fungi and plants, but the structure of
polysaccharides will change under different conditions. In
addition, the crude polysaccharide also contains protein,
pigments, phenols, and some inorganic salt ions, which
require a series of operations to become purer. However,
different treatment methods have a certain influence on its
physiological activity. Generally, the polysaccharide obtained
by freeze-drying has better biological activity.

It can be seen from Figure 2 and Table 2 that there are 10
kinds of Pleurotus ostreatus polysaccharides in the control
group, which are mannose, ribose, rhamnose, glucuronic acid,
galacturonic acid, glucose, galactose, xylose, arabinose, and
fucose. Together, they constitute the polysaccharide
components of Pleurotus ostreatus fungi, and their contents
are 78.835%, 4.223%, 1.508%, 2.721%, 0.289%, 3.567%,
1,656%, 0.199%, 1.405%, and 5.597% respectively. The
content of mannose is the highest, and the other nine
monosaccharides are relatively low.
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Figure 2. Composition of polysaccharide from untreated Pleurotus
ostreatus

Table 2. Contents of monosaccharides in polysaccharide of
Pleurotus ostreatus in the control group

Compound Retgntlon Reserved height | area (%)
time area
Mannose 14.112 1941303 | 107904 | 78.835
Ribose 18.085 103993 3819 4223
Rhamnose 19.144 37129 1539 1.508
Glucuronic 22.736 66994 1968 2.721
acid
Galactouronic | 5 ) 7128 147 0.289
acid
Glucose 30.325 87847 2441 3.567
Galactose 34.758 40774 1014 1.656
Xylose 36311 4895 127 0.199
Arabinose 37.736 34598 590 1.405
Fucose 43111 137831 2466 5.597
2462491 | 122015 | 100.000

In Figure 3 and Table 3, the components of Pleurotus
ostreatus polysaccharides include monosaccharides such as
mannose, ribose, rhamnose, glucuronic acid, glucose,
galactose, xylose, arabinose, fucose, and their derivatives.
The residence time was 13.749, 17.901, 18.700, 22.301,
29.781, 34.151, 35.884, 37.257, and 42.749 minutes
respectively. The content of mannose is the highest,
accounting for 58.484%. Glucose and galactose are the
second, accounting for 10.997% and 9.729% respectively.
The content of glucuronic acid is the lowest, which is only

0.673.

Table 3. Content of monosaccharides in polysaccharides of
Pleurotus ostreatus in the treatment group

Compound Ret?ntlon Reserved height area (%)
time area
Mannose 13.749 429537 24120 58.484
Ribose 17.901 20153 886 2.744
Rhamnose 18.700 38352 1700 5.222
Glucuronic | ) 3 4945 215 0.673
acid
Glucose 29.781 80768 2231 10.997
Galactose 34.151 71457 1765 9.729
Xylose 35.884 49894 1181 6.793
Arabinose 37.257 9264 229 1.261
Fucose 42.749 30081 491 4.096
734450 32818 100.000
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Figure 3. Composition of polysaccharide from Pleurotus ostreatus
treated by plasma

In contrast, the composition of monosaccharides changed
before and after plasma treatment, from 10 in the control
group to 9 in the treatment group. Although both of them have
the highest mannose content, there is a great difference, and
the control group is from 78.835% to 58.484%, which is
20.351% lower. However, the contents of glucose, galactose,
and xylose have all increased to a certain extent, and there is
not much difference between arabinose and fucose.
Especially in the control group, galacturonic acid disappeared
after plasma pretreatment. This may be due to the positive
biological effect of plasma on Pleurotus ostreatus fungi, and
the conversion of various monosaccharides was completed
through some complicated reactions.

The polysaccharide of Pleurotus ostreatus is composed of
many monosaccharides. In the process of absorption and
digestion, polysaccharides will be hydrolyzed into
monosaccharides [39-41], and the functions and functions of
monosaccharides are also different. Therefore, the function of
polysaccharides is also expressed by monosaccharides.
Mannose is also called hexose because it has six carbon atoms
and belongs to macromolecular monosaccharide, which is
absorbed quickly. It is also the C-2 epimer of glucose, which
can be converted into glucose [42]. Mannose mainly exists in
the form of manna, hemicellulose, and cellulose in the natural
environment. The structure of mannose is similar to that of
glucose and fructose [43]. Moreover, mannose has a very
important nutritional value, and its sweetness is lower than
that of glucose, so it can be used as a sugar substitute. It can
also be used as a carbohydrate nutrient to participate in
immunomodulation and anti-tumor functions. Mannose has
been widely used in industries such as food, medicine,
cosmetics, and food additives [44]. Ribose exists in the form
of glycoside in cells and furanose in mycelium, which is
involved in the synthesis of vitamins and coenzymes. It is also
an important part of RNA and participates in the transmission



of genetic material [45]. Rhamnose is 6- deoxy -L- mannose
with the molecular formula of C¢H;20s, which can inhibit the
growth of harmful bacteria and promote the growth of
beneficial bacteria. Moreover, in the process of cell wall
synthesis, it is the sugar unit needed to synthesize pectin
polymer and cell wall glycoprotein. It can also combine with
some metabolites to form ether bonds and carbon-carbon
bonds, which are unstable to acids [46-48].

Fucoidan belongs to deoxyhexose, which is used to modify
side chains in cell walls, participate in the biosynthesis of
various cell wall polymers, and modify sugar-mediated
proteins [49,50]. The main function of glucuronic acid is to
fix some substances on that cell wall [51]. Glucose is a very
common monosaccharide that mainly provides energy for life
[52]. Glucose is mostly stored in the form of poly glucan,
which is the main component of cellulose synthesis and also
the metabolic starting point of carboxylate and amino acid
synthesis [53-55]. But the most important thing is that glucose
can also be used as a signal molecule to regulate the growth
of organisms. Galactose, as a common side chain residue of
polysaccharides, plays an important role in many aspects of
macromolecules, involving daily metabolism, and it lack will
lead to functional disorder. The subtle difference in the fine
structure of polysaccharides caused by the loss of galactose
residues has far-reaching effects on many macromolecules,
such as water solubility and rheological behavior. If galactose
does not exist, it will lead to the transformation of the non-
sugar unit structure into a pentasaccharide structure [56,57].

Xylose is a kind of xylan, which does not appear in a free state.

It is the connecting unit of the sugar chain and serine in some
glycoproteins. Xylose is mostly used to produce xylitol,
which has the functions of enhancing immunity [S8] and
resisting fatigue [59]. Arabinose is an organic substance, the
chemical formula is CsH;¢Os, also known as L (+) - gum
aldose, L (+) - pentose, pectin sugar, and so on, which has
high application value. It is similar to xylose and rarely occurs
in free form. It is mainly combined with other
monosaccharides, and heteropolysaccharide exists in colloid,
hemicellulose, pectin, and other substances. Therefore, it has
good stability. The galacturonic acid peculiar to the control
group is the constituent unit of pectin acid, which exists in
many plants, such as guava and mung bean [60].

These monosaccharides work together to make Pleurotus
ostreatus fungi have good medicinal value. Especially several
monosaccharides that changed greatly before and after
treatment. Mannose can exert immune function and anti-
tumor effect in some cases [61]. Galactose can also enhance
the metabolism of the human body [62]. These two kinds of
monosaccharides with unique functions are epimers of
glucose, which can be transformed into each other under
certain conditions to better improve the body. Glucose can
provide energy for all kinds of life activities. Xylose can be
changed into xylitol, which has an obvious anti-fatigue effect.
Therefore, plasma treatment influences the composition and
monosaccharide content of Pleurotus ostreatus fungi, which
have high medicinal and nutritional value.

4. Conclusion

Through scanning electron microscope analysis and high-
performance liquid chromatography analysis, it can be found
that low-temperature plasma treatment of Pleurotus ostreatus
fungi will have a certain impact on mycelium, and its
polysaccharide content will also fluctuate. It is realized by the
change of monosaccharide, which changes the content of
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monosaccharide. All kinds of monosaccharides play an
irreplaceable role in cells, which together constitute the high
nutritional value of Pleurotus ostreatus polysaccharides.
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